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Edited by Frances ShannonAbstract The aryl hydrocarbon receptor (AhR) is a ligand-
activated transcription factor that mediates toxicity of environ-
mental pollutants such as 2,3,7,8-tetrachlorodibenzo-p-dioxin.
The exposure to AhR agonists results in profound suppression
of cellular and humoral immune responses and compromises host
to infectious disease. Therefore, to deﬁne the role of AhR in the
immune response, spleen cells from ovalbumin (OVA)-immu-
nized and naı¨ve mice were removed and stimulated in vitro with
either OVA or mitogen concanavalin-A (Con A), respectively.
Proliferation, CD19+, F4/80+, CD4+ and CD8+ T cells expan-
sion and cytokines production were measured in C57BL/6-
AhR/ mice (AhR/) and compared with immune response
in similarly immunized age-matched wild type (AhR+/+) mice.
In response to OVA immunization, AhR/ mice had similar
levels of serum OVA-speciﬁc IgG2a, IgG1, and IgG2b compared
with AhR+/+ animals. However, AhR/ mice showed spleno-
megalia and an increase in B cells. No changes were observed on
proliferation and IL-4 secretion, although AhR/ cells pro-
duced more IFN-c and IL-12 than AhR+/+ cells. Similar results
were observed with Con A stimulation, a decrease on IL-5 and no
change on IL-2 secretion were observed on AhR/ cells com-
pared with AhR+/+ cells in response to Con A stimulation. High
levels of IFN-c mRNA were detected in AhR/ lymphocytes,
but IL-4 mRNA levels in AhR/ cells were similar to those
in AhR+/+ mice. These data suggest that AhR may play an
important role in the normal development and function of im-
mune system by down-regulating IFN-c and IL-12 expression.
 2005 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.
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The aryl hydrocarbon receptor (AhR) is a ligand activated
transcription factor [32] that mediates the toxicity of environ-
mental pollutants such as 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD) [15]. Upon binding TCDD, the AhR translocates to
the nucleus, dimerizes with the AhR nuclear-translocator pro-
tein, binds dioxin responsive elements (DRE, also known as
xenobiotic responsive elements), and upregulates the expres-
sion of genes encoding xenobiotic-metabolizing enzymes, such
as cytochrome P450s (CYP1A1, CYP1A2 and CYP1B1),
NAD(P)H quinone oxidoreductase and UDP-glucoronosyl-
transferase-6 [11]. The AhR is a member of the basic helix–
loop–helix-PAS (bHLH-Per-Arnt-Sim) transcription factor
family. Its physiological role as yet remains unclear. Although
AhR may function as part of an adaptative chemical response,
studies with AhR knockout mice (AhR/) suggest that this
transcription factor may have important functions in liver
and cardiac development, cell proliferation and immune
homeostasis [7,6,11,5].
Initial investigations on AhR/ mice model developed by
Fernandez-Salguero and colleagues [7], revealed immune sys-
tem impairment and hepatic ﬁbrosis. AhR/ mice appear
to have normal splenic architecture and a normal proportion
of spleen and thymic cell subpopulations, although a reduction
of 75–80% in total splenic lymphocytes in young (2–4 weeks
old) and old mice (>12 weeks old) were reported. However,
whether these changes in cellularity in this strain of AhR/
mice correlated with alterations in immune function has not
been deﬁnitively studied. Contrary to this initial report on im-
mune alterations on the AhR/ mice, another group found
that the humoral and cellular immune responses to P815 tu-
mor cells of two diﬀerent strains of AhR/ mice (with dele-
tions of exon 1 or 2, respectively) was similar to that of AhR+/
+ animals [30]. Thus, the AhR role in the immune system re-
mains unclear. In the present study, spleen cells from ovalbu-
min (OVA)-immunized and naı¨ve mice were removed and
stimulated in vitro with either OVA or concanavalin A (Con
A), respectively, and the immune response was evaluated in
C57BL/6-AhR/ mice and compared with similarly immu-
nized age and sex-matched AhR+/+ control mice to elucidate
the role of the AhR in immune function. Our results suggest
that AhR may play an important role in the normal develop-
ment and function of immune system by downregulation of
the interferon-gamma (IFN-c) and interleukin-12 (IL-12)
expression.blished by Elsevier B.V. All rights reserved.
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2.1. Animals
C57BL/6-AhR/ mice were generated as described by Fernandez-
Salguero and colleagues [7]. Brieﬂy, exon 1 of AhR gene was replaced
in J1 embrionic stem cells with a neomycin-resistance cassette contain-
ing neo and TK genes as positive and negative selection markers,
respectively. The male chimeras were mated with C57BL6N females
to give rise to heterozygotes for at least 10 generations. These mice
were then interbred to produce AhR/, AhR+/, and AhR+/+ sib-
lings. The animals used in this study were AhR/ and AhR+/+ sib-
lings obtained after approximately 24 generations of AhR+/ mice
mating. AhR/ and AhR+/+ male mice aged 6–8 weeks old were
maintained in a pathogen-free environment with a controlled temper-
ature (22 ± 2 C) and 40–60% humidity. The mice had 12/12 light/dark
cycles and were given free access to food and water. Animal housing
and care was in accordance with the Mexican Regulations of Animal
Care and Maintenance (NOM-062-ZOO-1999, 2001), and with the
Guide for the Care and Use of Laboratory Animals as adopted and
promulgated by the U.S. National Institutes of Health.
2.2. OVA immunization
Mice received subcutaneous injections of OVA (25 lg/kg, Sigma,
USA, suspended in incomplete Freunds adjuvant, Life Technologies,
USA). Blood samples were obtained prior to each immunization,
and serum was kept at 70 C until used. Two weeks after the last
immunization, mice were sacriﬁced by CO2 inhalation, and the spleens
were collected.
2.3. Serum antibody titer
Sera obtained from AhR/ and AhR+/+ immunized with OVA or
naı¨ve mice were analyzed for speciﬁc anti-OVA antibodies by ELISA
as described elsewhere [23]. Brieﬂy, plates (Nunc, Maxisorb, USA)
were covered with OVA (5 lg/ml in PBS, pH 9.0) overnight. Serial
dilutions (1:10, 1:50, 1:100, etc.) of the sera were incubated for 2 h at
37 C. The samples were incubated with speciﬁc rat-anti-mouse IgG
(IgG1, IgG2a and IgG2b)-horse-radish peroxidase-conjugates (Zymed,
USA) for 1 h at 37 C. A substrate solution containing 2-2azino-bis-(3-
ethylbenzothiazolin-6-sulfonic acid, 0.3 mg/ml in 0.1 M anhydric citric
acid, pH 4.35, Sigma, USA) was prepared and H2O2 (0.03%, Merck,
Germany) was added, and the absorbance was determined using a
microplate reader at 450 nm. The antibody titer of the sera was calcu-
lated by comparison of the dilution in which OVA-speciﬁc antibody
was not detected (end point titer).
2.4. Splenic lymphocytes proliferation assay
After mice were sacriﬁced by CO2 inhalation the spleens were asep-
tically collected and single cell suspensions were prepared in RPMI-
1640 medium (Gibco, USA) supplemented with 1% L-glutamine
(200 mM, Gibco, USA), 1% non-essential amino acids (100 mM, Gib-
co, USA) and 10% heat inactivated fetal bovine serum (FBS, Gibco,
USA, complete medium). Erythrocytes were lysed by incubation for
5 min in 0.64 M ammonium chloride (J.T. Baker, USA) and 0:17 M
trisma base (J.T. Baker, USA), and viability and cell number were
evaluated using the trypan blue (Sigma, USA) exclusion method. Lym-
phocytes were suspended at a cellular density of 3 · 106/ml and placed
in 96-well ﬂat-bottom culture plates (100 ll, Costar, USA). Cells from
immunized animals were stimulated with 100 ll of OVA (25 lg/ml),
and cells from non-immunized animals were stimulated with 100 ll
of Con A (5 lg/ml, Sigma, USA). Plates were incubated at 37 C
and 5% CO2 for 5 days (OVA-stimulated), or 3 days (Con A-stimu-
lated). Fifty-four h after seeding the plates stimulated with OVA orTable 1
DNA sequence of primers used for real time PCR of cytokines expression a
Cytokine Primers (50–3 0)
GAPDH F-TCG GTG TGA ACG GAT TTG GC
R-CTC TTG CTC AGT GTC CTT GC
IL-4 F-CGA AGA ACA CCA CAG AGA GTG AGC T
R-GAC TCA TTC ATG GTG CAG CTT ATC G
IFN-c F-AGC GGC TGA CTG AAC TCA GAT TGT AG
R-GTC ACA GTT TTC AGC TGT ATA GGG20 h after seeding the plates stimulated with Con A, 0.5 lCi of
methyl-3H-TdR (speciﬁc activity 925 GBq/mmol, Amersham, Eng-
land) was added to each well. Harvested cells were released onto glass
ﬁber ﬁlter papers (Wallac) and processed for liquid scintillation. The
samples were analyzed on a liquid scintillation counter (Betaplate,
Wallac). The replication index of the cultured cells was calculated by
dividing the cpm incorporated by mitogen/antigen-stimulated cells by
the cpm incorporated by non-stimulated cells.
2.5. Cytokine measurement in vitro
The supernatants of the cell cultures described above were used to
determine the secretion of IL-2, IL-4, IL-5, IL-12, and IFN-c by the
sandwich-ELISA method as previously described [29]. Total levels of
these cytokines were determined by using paired monoclonal antibod-
ies. Standard curves were developed with each respective murine re-
combinant cytokine. All antibodies and recombinant cytokines were
purchased from PharMingen (San Diego, USA). Optical density was
determined after 5 min in an ELISA microplate reader (SpectraMax
250, Molecular Devices, USA) at 405 nm. The limit of detection of
cytokines using the present set of antibodies was 0.1 pg/ml.
2.6. Relative gene expression by real-time quantitative polymerase chain
reaction (PCR)
IL-4 and IFN-c mRNA expression in spleen cells was determined by
reverse transcription (RT), followed by analysis of relative gene expres-
sion using real-time quantitative PCR and the 2-DDCT method [16].
Brieﬂy, total RNA of spleen cells was extracted using TRIzol reagent
(Life Technologies) according to the manufacturers instructions and
as described elsewhere [19]. RT-PCR was performed using the Access
RT-PCR System kit according to the manufacturers protocol (Prome-
ga). The IL-4, IFN-c and GAPDH primers were labeled with SYBRe
Green I (1·) (Amresco) and processed as described elsewhere [21].
Real-time PCR was performed on a Rotor Gene RG 3000 (Corbett
Research). The PCR mix contained 30 ng of total RNA, 10 ll of
AMV/Tf buﬀer 10·, 1 ll of dNTPs (10 mM), 1 ll of downstream pri-
mer (50 pM), 1 ll of upstream primer (50 pM), 2 ll MgSO4 (25 mM),
1 ll of reverse transcriptase AMV (5 U/ll), 1 ll of Tf polymerase (1 U/
ll) and nuclease-free water to a ﬁnal volume of 50 ll. GAPDH was
evaluated as a control using the same PCR protocol as IL-4 and
IFN-c. The speciﬁcity of PCR for IL-4, IFN-c and GAPDH was ver-
iﬁed by no signal in no-template control spleen cells samples. The
threshold cycle (CT) was recorded for each sample. A validation exper-
iment proved the linear dependence of the CT value for IL-4, IFN-c
and GAPDH on diﬀerent template RNA concentrations and the con-
sistency of CT (IL-4 or IFN-c average CT-GAPDH average CT) in a
given sample at diﬀerent RNA concentration (data not shown). There-
fore, CT was used to evaluate the relative IL-4 or IFN-c mRNA
expression levels to demonstrate the fold change of IL-4 or IFN-c gene
expression in AhR/ as compared with the AhR+/+ spleen cells.
Data evaluation and processing was performed according to Ponchel
and colleagues [21]. The sequence of the primers used are described
in Table 1.
2.7. Immunophenotyping of spleen cells and expression of IFN-cR and
SLAM
Flow cytometry analysis of antibody binding was performed as re-
ported earlier [28]. Brieﬂy, 1 · 106 cells in washing buﬀer (DPBS with
0.1% sodium azide (Sigma, USA) and 1% FBS) were stained with 1 lg/
ml of anti-CD4-phycoerythrin (PE), anti-CD8-ﬂuorescein isothiocya-
nate (FITC), anti-CD19-PE, anti-F4/80-FITC, anti-IFN-c R-FITC
or anti-SLAM-FITC antibodies (PharMingen, USA) and incubated
in the dark at 4 C for 30 min. Cells were washed and centrifugednalysis
Product size (bp) Reference
135 [17]
180 [18]
143 [18]
M. Rodrı´guez-Sosa et al. / FEBS Letters 579 (2005) 6403–6410 6405for 5 min at 1200 rpm. The supernatants were removed by decantation
and the pellets were ﬁxed with 2% p-formaldehyde in DPBS buﬀer
(ICN, USA) overnight at 4 C. The proportion of positive cells in each
sample was evaluated in 10000 events on a ﬂow cytometer (Becton
Dickinson, USA). Non-speciﬁc binding was blocked with FcBlock,
and the isotype controls were rat anti-mouse Ig-FITC or -PE labeled
(PharMingen, USA).70
Non Immunized60
6 )3. Statistical analysis
All determinations were performed in triplicate, and the re-
sults of multiple observations were presented as means ± S.D.
(standard deviation). The statistical signiﬁcance of the data
was evaluated by non-parametric Mann–Whitneys U test
and Students t test as appropriate. In all cases, diﬀerences be-
tween animal groups were considered to be signiﬁcant when
statistical tests gave a P < 0.05 (\), and marginally signiﬁcant
with P < 0.1 (a).
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Fig. 2. Total number spleen cells in non-immunized and OVA-immu-
nized (25 lg/kg, 3 injections) animals. Mice were sacriﬁced 2 weeks after
the last immunization and total spleen cells were recovered by mesh
desegregation with a cell strainer in RPMI-1640 medium after lysing of
erythrocytes.Cellswere countedusing the trypanblue exclusionmethod.
Means ± S.D., n = 5, \P < 0.05, Mann–Whitneys U test.4. Results
To evaluate the eﬀects of AhR deﬁciency on the development
and function of the humoral immune response, we measured
the levels of Th1-associated IgG2a as well as Th2-associated
IgG1 and IgG2b antibodies in AhR/ and AhR+/+ at diﬀer-
ent time points after OVA immunization. Sera titers of IgG2a,
IgG2b and IgG1 did not diﬀer between AhR/ and AhR+/+
animals (P > 0.05) at any time period (Fig. 1).
To evaluate the eﬀects of AhR deﬁciency on the develop-
ment of the cellular immune response, we compared the spleen
phenotype obtained from AhR+/+ and AhR/ mice. SpleenEn
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Fig. 1. Antibody response in OVA-immunization in AhR mice. Mice were im
the tail was taken for examination before each immunization. Serum levels o
mean reciprocal endpoint titer. Means ± S.D., n = 5, \P < 0.05, Mann–Whitvisual analyses from non-immunized mice demonstrate that
AhR/ animals developed normal spleen size compared with
age-matched AhR+/+ (ratio body/spleen weigh of 250.5 ± 18.5
and 242.3 ± 16.5, respectively). However, when animals were
immunized with OVA, the spleen size increase in AhR/
was greater than in AhR+/+ animals as shown by the compar-
ison between spleen and body weigh in AhR+/+ (ratio body/
spleen weigh of 202.4 ± 25.1), and AhR/ (ratio body/spleen
weigh of 99.6 ± 18.1, P < 0.001, Students t test). However,
when spleen cells were recovered, we observed a slight increase
in the number of cells in AhR/ mice compared with AhR+/+
animals that was not signiﬁcant (P = 0.11, Fig. 2). We evaluate
the proportion of T cells subpopulations by ﬂow cytometryEn
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munized with OVA (25 lg/kg, 3 injections), and a sample of blood from
f OVA-speciﬁc IgG2a (A), IgG1 (B), and IgG2b (C) are presented as
neys U Wilcoxon rank.
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immunized AhR/ mice compared with AhR+/+ mice
(0.05 < p < 0.1, Fig. 3A), we did not observe diﬀerence on
CD4+ and CD8+ T cells proportion between OVA-immunized
AhR/ and AhR+/+ mice (Fig. 3B). The proportion of
spleen macrophages (F4/80+) was equivalent in AhR+/+ and
AhR/ mice after OVA-immunization (2.7 ± 0.50 and
1.7 ± 0.51, respectively). We observed an important increase
in spleen B cells in AhR/ compared with AhR+/+ after
OVA-immunization (41.4 ± 3.8 and 25.7 ± 1.0, respectively,
p < 0.01, Fig. 3C).
Next, to measure the functional capacity of spleen cells, we
cultured and activated total spleen cells with OVA for 120 h
(an antigenic stimulus). No diﬀerences in the proliferativeFig. 3. Immunophenotyping of T and B cells subpopulations in spleen of non
(B and C). Mice were sacriﬁced 2 weeks after the last immunization and to
erythrocytes. Cells were stained with 1 lg of anti-CD4-PE, anti-CD8-FITC,
analyzed in a ﬂow cytometer. Non-speciﬁc binding was eliminated with FcB
Means ± S.D., n = 5, aP < 0.1, \\P < 0.01, Mann–Whitneys U test.capacity (replication index) were observed in AhR/ cells
compared with AhR+/+ spleen cells (Fig. 4A). Supernatants
of the cell cultures were used to determine cytokines secretion.
AhR/ cells presented a threefold increase in the levels of IL-
12 and IFN-c secretion relative to AhR+/+ cells (Th1 type re-
sponse related cytokines) (Fig. 4B and C, respectively). No dif-
ference in IL-4 levels were observed among AhR/ and
AhR+/+ cells (Th2 type response-related cytokine) (Fig. 4D).
Similar results were observed with spleen cells from non-immu-
nized mice stimulated for 72 h with Con A (a non-antigenic
stimulus) (Fig. 5A), where secretion of IFN-c and IL-12 in
AhR/ cells was higher than in AhR+/+ cells (Fig. 5B,
and C, respectively). Also, similar to the response observed
in OVA-stimulated cells, there was no modiﬁcation of IL-4-immunized (A), and OVA-immunized (25 lg/kg, 3 injections) animals
tal spleen cells were recovered by mesh desegregation after lysing of
and anti-CD19-PE, ﬁxed in 1% p-formaldehyde and 10000 cells were
lock and isotype controls were rat anti-mouse Ig-FITC or -PE labeled.
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Fig. 4. OVA-induced proliferative response of spleen cells. Isolated spleen cells from OVA-immunized mice were stimulated in vitro with OVA (for 5
days with 25 lg/ml), 3[H]TdrU was added (0.5 lCi/well) 20 h before harvesting and the replication index was calculated as cpm in antigen-stimulated
cells divided by cpm in non-stimulated cells (A). Secretion of IL-12 (B), IFN-c (C), and IL-4 (D) were evaluated by ELISA-sandwich on supernatants
recovered from cultures after 96 h of OVA-stimulation. Means ± S.D., n = 5, \\P < 0.01, Mann–Whitneys U test.
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decrease on IL-5 secretion by these cells was observed in
AhR/ mice (Fig. 5E, F and D, respectively).
To understand the possible mechanism of IFN-c overpro-
duction, we decided to evaluate IFN-c and IL-4 mRNA in
spleen cells from naı¨ve AhR/ and AhR+/+ mice. Using
real-time quantitative PCR [21] and the 2DDCT method [16],
we demonstrated that IFN-c mRNA transcripts were constitu-
tively higher in AhR/ compared with AhR+/+ mice. No
signiﬁcant diﬀerence was observed in IL-4 mRNA transcripts
(Fig. 6).
In order to investigate an alternative mechanism to explain
the increased IFN-c secretion by AhR/ cells, and given that
IFN-c secretion is known to be regulated by the expression of
IFN-cR and signaling lymphocyte activation molecule
(SLAM) [31], we evaluated the expression of IFN-c R and
SLAM in OVA-stimulated spleen cells. We performed ﬂow
cytometry analysis of the expression of these two molecules
in OVA-stimulated lymphocytes and we observed similar levels
of IFN-cR and SLAM expression in both animal groups
(Fig. 7).5. Discussion
The AhR mediates acute and chronic biological eﬀects of
TCDD, like suppression of both humoral and cellular immu-
nity and changes in T cell development [14]. However, the
mechanisms for AhR-mediated pathological responses are
not well understood. Targeting cytokines, as central mediators
of immune responses, could be one such mechanism. It hasbeen demonstrated that expression of several cytokines mRNA
are induced by TCDD [15,13]. Initial investigations with diﬀer-
ent strains of AhR/ mice suggested that some of them may
have immune system impairment [7], while others do not [30].
In this study, we evaluated the role of AhR in the spleen cells
from OVA-immunized and naı¨ve mice stimulated in vitro with
either OVA or Con A, respectively, in AhR/mice originally
described by Fernandez-Salguero and colleagues [7].
Here, we present the novel observation that spleen cells from
OVA-immunized and naı¨ve AhR/ mice, produce more IL-
12 and IFN-c when spleen cells were stimulated in vitro with
either OVA or Con A. IL-12 production is critical for the
development of IFN-c-dependent resistance to many intracel-
lular pathogens [12]. Nevertheless, when this response is dereg-
ulated, such as occurs in the absence of IL-10, is also
detrimental and results in inﬂammatory diseases or uncon-
trolled inﬂammation that can have lethal consequences for
the host [26].
In addition to downregulatory cytokines, other endogenous
mediators may play an important role in controlling excess
production of host-protective proinﬂammatory cytokines.
For example, it is known that overexpression of IFN-cR
upregulates IFN-c secretion [31]. However, we did not ﬁnd dif-
ferences in the expression of IFN-cR among AhR+/+ and
AhR/ cells. Moreover, SLAM (or CD150), found on the
surface of activated and memory T cells, B cells, dendritic cells,
and macrophages [4], has been associated to initiated signal
transduction that is in part controlled by SLAM-associated
protein (SAP, [24]). Important functions in immunobiology
was given to SLAM, since the absence of related recep-
tor SAP in mice cause a hyper-response to infection with
6408 M. Rodrı´guez-Sosa et al. / FEBS Letters 579 (2005) 6403–6410choriomeningitis virus, with an increase in the number of IFN-
c-producing cells in the spleen and liver [33,3]. Since we did not
ﬁnd diﬀerences in SLAM expression between AhR/ and
AhR+/+ cells, we suggest that a diﬀerent mechanism can be
aﬀected by the absence of AhR.
Recently, a novel mechanism for the regulation of IL-12
production, involving Lipoxin (LX)A4, an arachidonic acid
metabolite generated by a 5-lypoxygenase (LO)-dependent
pathway, has been described [2]. It is known that several anti-
genic stimulus can induce LXA4 synthesis in vivo [10,1]. LXA4
has an anti-inﬂammatory role by inhibiting IL-12 production
in activated macrophages and dendritic cells [9,10,1]. Interest-
ingly, it has been demonstrated that LXA4 is a strong endog-
enous ligand for AhR. The interaction LXA4–AhR can
mediated the transformation of this receptor to a form that
binds to the DRE and activates transcription of the associatedR
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stimulated cells divided by cpm in non-stimulated cells (A). Secretion of IFN
ELISA-sandwich on supernatants recovered from cultures after 48 h of Co
Whitneys U test.gene, CYP1A1 [25]. Based on those observations, a possible
mechanism by which the absence of AhR would result in in-
creased levels of IL-12/IFN-c in response to a mitogenic stim-
ulus (OVA or Con A) may be the absence of AhR–LXA4
interaction, which ameliorates proinﬂammatory responses. It
is important to mention that even when the AhR/ mice
have increased levels of IFN-c and IL-12, they do not die
due to an uncontrolled proinﬂammatory response, possibly be-
cause they are able to produce normal levels of anti-inﬂamma-
tory cytokines (such as IL-4 and IL-10) that can partially
control the lethal eﬀects of an IFN-c/IL-12 overexpression.
Additionally, unpublished data obtained in our laboratory
indicate that increased levels of IFN-c/IL-12 in AhR/ mice
confers them resistance to Taenia crassiceps infection, where
the elimination of the infection is dependent on a Th1 immune
type response, mostly directed by IFN-c/IL-12 [27].0
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gene expression in thymic cells is AhR-dependent [13], suggest-
ing that the AhR may function as a transcriptional modulator
of other cytokines. Our data on IL-2 induction on spleen cells
indicate that the AhR is not necessary to induce normal levels
of IL-2 after a mitogenic activation, at least in spleen cells,
indicating that its participation as a transcriptional modulator
of IL-2 gene expression is not relevant when cells are chal-
lenged with a strong activation signal. Also, AhR/ cells
are able to produce similar amounts of IL-2 to those produced
by AhR+/+ cells.
The diﬀerences observed on spleen size after OVA-immuni-
zation among AhR/ and AhR+/+ mice may be explained
by a twofold increase on B cells in the AhR/mice as a result
of the OVA-immunization compared with AhR+/+ mice. The
fact that non-immunized AhR/ mice initially presented a
marginally increased proportion of CD8+ T cells has no rele-
vance when the immune system is dealing with an antigen such
as OVA, since the responding cells will be mostly CD4+ T cells
[20]. The increased CD8+ T cells subpopulation in AhR/
mice could be relevant in a parasite or viral infection or in
tumor development, where the eﬀector cells will be mostly
cytotoxic CD8+ T cells [23]. In this sense, it has already been
demonstrated that AhR/ mice respond in similar way to
P815 tumor cells than AhR+/+ mice, indicating an adequate
function of cytotoxic CD8+ T cells [30].
Diﬀerent cytokine proﬁles could result in diﬀerences in the
kinetics and isotype of immunoglobulin (Ig) production,
whereas IL-4 is one factor controlling the switch to IgG1
and IgG2b [8], and IFN-c controls the switch to IgG2a [22].
Here, we found that the high amounts of IFN-c in OVA-
immunized AhR/ mice were not consistent with the IgG2a
pattern observed after 45 days of OVA-immunization, indicat-
ing the presence of alternate pathways of Ig switching.
In conclusion, AhR appears to play an important role in the
regulation of IL-12 and IFN-c production. Hence, it is perhaps
not surprising that Vorderstrasse and colleagues [30] had
reported no alterations in the immune response of AhR/
mice to P815 tumor cells when CD8+ cytotoxic capacity
against P815 cells was evaluated, since CD8+ citotoxicity is
strongly dependent on high levels of IL-12 and IFN-c. Thesedata, together with our results, indicate that only some arms
of the immune response are altered by AhR deﬁciency,
specially those that participate on the adequate Th1 type
immune balance. Thus, the unbalance in Th1 and Th2 related
cytokines produced by AhR/ lymphocytes may favor
autoimmune related diseases further in the development of
AhR/ mice.
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